Diffusion magnetic resonance imaging (dMRI) can provide insights into the microstructure of intact arterial tissue. The current study employed high magnetic field MRI to obtain ultra-high resolution dMRI at an isotropic voxel resolution of 117 µm 3 in less than 2 hours of scan time. A parameter selective single shell (128 directions) diffusion-encoding scheme based on Stejskel-Tanner sequence with echo-planar imaging (EPI) readout was used. EPI segmentation was used to reduce the echo time (TE) and to minimise the susceptibility-induced artefacts. The study utilised the dMRI analysis with diffusion tensor imaging (DTI) framework to investigate structural heterogeneity in intact arterial tissue and to quantify variations in tissue composition when the tissue is cut open and flattened. For intact arterial samples, the region of interest (ROI) base comparison showed that the differences in fractional anisotropy (FA) and differences in mean diffusivity (MD) across the media layer were significantly higher (p < 0.05). For open cut flat samples, DTI based directionally invariant indices did not show significant differences across the media layer. For intact samples, fibre tractography based indices such as calculated helical angle and fibre dispersion showed near circumferential alignment and a high degree of fibre dispersion, respectively. This study demonstrates the feasibility of fast dMRI acquisition with ultra-high spatial and angular resolution at 7T. Using the optimised sequence parameters, this study shows that DTI based markers are sensitive to local structural changes in intact arterial tissue samples and these markers may have clinical relevance in the diagnosis of atherosclerosis and aneurysm.
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Abstract
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INTRODUCTION
The health of a blood vessel is highly susceptible to changes in the composition of its underlying microstructural environment. Arterial tissue is composed of vascular smooth muscle cells (VSMC) embedded in an extracellular matrix (EMC), comprising elastin and collagen fibres and glycosaminoglycans (GAGs) [1] . The arrangement of these microstructural elements within the arterial tissue is the major contributing factor in defining its complex mechanical characteristics. Changes in the composition of the arterial microstructural environment occur during the normal course of ageing and also due to pathological adaptation (remodelling) [2, 3] . Age related changes, such as stiffening of arterial walls and arteriosclerosis are associated with an increase in collagen contents [4, 5] . Similarly, hypertension is associated with an increase in the production of elastin and collagen [6] . Blood vessels with such pathologies exhibit stark differences in their tissue microenvironment compared to healthy arteries. Since the arterial microenvironment plays an important role in regulating the vessel health, pathological changes in the blood vessel are often associated with changes in VSMC composition [7] and changes in collagen fibre orientation [8, 9] .
There are several (invasive and non-invasive) methods to map the arterial microstructure at multiple scales. Invasive methods usually rely on histological sectioning for cross-comparison. These methods include scanning electron microscopy (SEM) [10, 11] , polarised light microscopy (PLM) [12] , and second harmonic generation (SHG) [13] to name but a few. Most of these studies have been carried out on fixed vessels which can alter the mechanical composition of the native tissue [14] . Nondestructive methods such as: optical coherence tomography (OCT) and polarisation sensitive optical coherence tomography (PS-OCT) [15, 16] , magnetic resonance imaging (T2, T2* -weighted MRI) [12, 17] and diffusion tensor imaging (DTI) [18] [19] [20] [21] have also been shown capable of capturing the microstructural profile with limited success. These imaging techniques are crucial for elucidating the biomechanical behaviour of the blood vessels and identifying possible biomarkers associated with specific pathologies. Even though some of these methods can provide sub-micron level details of the arterial ultrastructure, their success as a clinical marker is somewhat limited, as they are generally applied to small excised and fixed sections of the blood vessel.
Of all these methods, diffusion tensor imaging based markers have the potential to estimate structural variations associated with changes in the microenvironment of the arterial tissue in vivo. Such biomarkers would be highly valuable to elucidate the mechanical response of the ultrastructure under certain pathologies. The aim of this paper is to evaluate the sensitivity of DTI-based biomarkers to detect structural variations in intact arterial tissue and to quantify changes in tissue composition when its structural integrity is compromised. To achieve this task, ultra-high spatial and angular resolution dMRI was carried out on intact and open cut (flat) samples. High field MRI can provide better SNR which can be translated into higher spatial resolution, however, at higher fields, the signal from single-shot EPI DWI decays much faster due to shorter T2 and T2* decay times [22, 23] . T2* relaxation is highly sensitive to susceptibility-induced off-resonance field and at higher field strengths the magnetic susceptibility induced inhomogeneity causes a much sharper decay in T2* relaxation profile [22] . Other factors such as poor shimming can also exacerbate the distortion artefacts. To overcome these technical challenges, the proposed study acquired DWI with multisegmented EPI readout [24] . By dividing the k-space into multiple interleaved acquisitions, the susceptibility induced inhomogeneities were reduced and the T2 relaxation time was also reduced from 90 ms to 26 ms. Using the optimised DWI acquisition protocol, the proposed study employs DTI framework on ultra-high resolution (isotropic) DWIs to quantify heterogeneity in the microenvironment of intact arterial tissue in a fast and robust manner. The study demonstrates the suitability of DTI-based indices as potential biomarkers to distinguish region-wise variations in intact 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t arterial tissue. The study also demonstrates the role of residual stresses in maintaining the heterogeneity in the arterial microenvironment.
MATERIALS AND METHODS

Sample preparation
Nine samples of fresh porcine common carotid arteries were harvested from Large White pigs aged 6 months with an approximate weight of 80 kg each. The samples were transported on ice and processed within 2 hours of slaughter. The harvested arteries were washed in phosphate-buffered saline (PBS) solution to remove residual blood and excess connective tissue was also removed. The processed samples were then cryo-preserved at -80 o C. Before scanning, the samples were removed from cryo-preservation media, washed with pbs and cut into 3 cm long cylindrical portions. Two samples were cut open longitudinally to estimate the influence of residual stress on the arterial wall structure and two additional samples were cut open and fixed flat on a holding surface. Each sample was placed in 8 mm NMR tubes containing deionised (DI) water.
MR Microimaging
DTI was performed at room temperature on a horizontal bore 7T MRI scanner (Bruker, Etlingen, Germany) with shielded gradients (maximum gradient strength = 770 mT/m, rise time = 115 µs) and 1 H mouse cryogenic surface coil (CryoProbe, Bruker Biospin). For diffusion-weighted imaging, a 2D spin echo (SE) based DTI sequence, with a multi-shot EPI readout and unipolar diffusion sensitising pulsed field gradients placed symmetrically around the 180 o RF pulse, was applied using the (0, 150, 250, 400, 600, 800, 1000 s/mm 2 ). All the imaging parameters remained the same as outlined above, except for each b-value, diffusion sensitising gradients were applied in six noncollinear directions and the number of averages was set to 3. The acquisition time per sample, in this case, was 82 minutes. For each acquisition, the corresponding T1-weighted and T2-weighted (non-EPI) images were also acquired with the same FOV and isotropic voxel resolution of 0.117 mm 3 . These anatomical scans were later used in the post-processing to compensate for susceptibility-induced off-resonance fields in diffusion-weighted images (DWIs).
Post-processing and fibre tractography
ExploreDTI (v4.8.5) was used to process each DTI dataset [25] . The post-processing steps included Gibbs ringing correction, interslice instability correction, correction for eddy current-induced distortions and correction for susceptibility artefacts [26] [27] [28] . The diffusion tensor profile was estimated on the corrected images using a robust fitting routine provided in ExploreDTI [29, 30] . Directionally invariant indices such as fractional anisotropy (FA), mean diffusivity (MD), axial diffusivity (AD), radial diffusivity (RD) and geometric measures such as C L (linear tensor profile), C P (planar tensor profile) and C S (spherical tensor profile) [31] were exported from ExploreDTI in NIfTI A c c e p t e d M a n u s c r i p t format for further analysis. 6D diffusion tensor datasets were also exported in NIfTI format. The diffusion tensor was then imported in DSIStudio [32] using a custom-built Matlab routine for deterministic tractography. Fibre tractography was performed for each DTI dataset using the following parameters: FA tracking threshold = [0. 1 1] , fibre length range = [0. 5 50] mm; angle threshold = 20 degree, step size = 0.05 mm, tracking algorithm = Euler, and interpolation method = cubic. For each dataset 5000 fibre tracts were generated and exported in a text format. The exported fibre tracts were then used to calculate the helical angle, dispersion parameter (κ) and fibre curvature using custom-built Matlab routines. These routines were verified and validated using simulated fibre angle data.
Multi b-value estimation
To calculate the apparent diffusion coefficient (ADC) the two multi b-value scans were used. From each acquisition, ROIs encompassing the entire media layer were manually drawn on selected slices. Since an inversion recovery pulse was not used in the multi b-value scan, each ROI was eroded by a factor of 2 voxels (inward and outward) to avoid the partial volume effect (PVE). A nonlinear leastsquares Levenberg-Marquardt algorithm was used for each pixel in the ROI to fit DW signal intensity decay S with diffusion-weighting b to a mono-exponential function of the form:
where S is the b-dependent signal intensity of the image, S 0 is the signal intensity without the diffusion sensitization; b ij is the i, jth component of the diffusion-weighting b-matrix, and ADC ij , is the i, jth component of the apparent diffusion coefficient. In order to overcome the biases in ADC estimation due to the background noise, only values which exhibited at least 3 times higher amplitude than the baseline noise signal were fit to the mono-exponential curve. The noise level (S noise ) was defined as a standard deviation within ROIs drawn manually in peripheral airspace (background) of the image uncontaminated by artefacts. The SNR per slice in the tissue ROI was then obtained by dividing the measured signal (S) by the noise (S noise ). The averaged SNR profile of the multi-b-value data is provided in the supplementary Table 1 and the averaged SNR calculated for samples 1 -5 is listed in supplementary Table 2 . For each sample, the ADCs were assessed by independent fits for each diffusion direction and the mean ADC per voxel was obtained by averaging the six independent ADCs.
RESULTS
Quantitative assessment using directionally invariant indices
For each of the five samples scanned, using an identical acquisition protocol, a region of interest (ROI) was generated from the artefact compensated arithmetic average of 128 diffusion-encoded images (figure 1d). Scalar indices such as FA, MD, RD and AD were obtained from the calculated diffusion tensors, whilst geometric measures such as C L , C P , C S , and C A were also calculated for each sample. The median values of these indices are presented in Table 1 . Figure 2 illustrates these directionally invariant indices for sample 5.
Across the media layer (inner-media to outer media), the directionally invariant indices show a radial transition in their respective values. High FA was observed in the outer media, whereas, the inner media showed comparatively lower values of FA. The response of MD was in contrast to that of FA. Similarly, C L showed higher values in the outer media while C S response was similar to MD. In terms of directional diffusivity, AD, was higher than RD and high RD values were mostly located close to the A c c e p t e d M a n u s c r i p t fringes of the inner media (figure 2). Across the selected five samples, the minimum median value of FA was 0.20 (std 0.06) (sample 5) and the highest median value of FA was 0.32 (std 0.08) (sample2). Similarly, the minimum median value of MD was 0.79 (std 0.07) (sample 4) and the maximum median value of MD was 1.06 (std 0.10) (sample 2). Using the calculated eigenvalues, the in-plane dispersion parameter kappa (κ) was also calculated for each of the five samples. Table 1 provides the median and standard deviation values of the calculated scalar indices.
Fibre tractography-based assessment
For each dataset, 5000 fibre tracts were generated. These tracts indicate a near circumferential fibre alignment (figure 3). For sample 2 (figure 3a), the principal diffusion direction is represented (inset) in terms of an ellipsoid. These ellipsoids per voxel also indicate a near circumferential orientation of the principal fibre direction.
Scalar indices such as FA and MD were mapped onto the individual fibre tracts. These projected values are slightly different from the results of the previous section, as each fibre was generated under certain constraints. Table 2 shows these mapped values for each dataset. Figure 3 (a -e) shows the tracts of each sample and the colours on each tract represent the mapped values of helical angles. These calculated angles can be used to estimate the tract orientation and degree of alignment along any arbitrary plane. The rose plots in figure 3 (a-1 -e-1) show the circular distribution of helical angles for every dataset. The near circumferential alignment of the calculated tracts is evident from the fact that the highest median tract angle (sample4) is less than 5 o (Table 3) , however, these fibre tracts exhibited a high degree of fibre dispersion (std ≤ 8).
In order to estimate the radial distribution of the tracts, curvature for each tract was calculated. The curvature distribution along the ellipsoidal representation (figure 3a -inset) shows that the reconstructed tracts are predominantly aligned in the circumferential direction and the degree of radial distribution is primarily less than 3 voxels (figure 4).
Effect of b-value on diffusion quantification
To analyse the sensitivity of the DW signal to various microstructural constituents in the arterial tissue, sample 5 was additionally scanned using higher b-values of 1200 (δ/∆ was kept constant and G was increased) and 1600 mm/s 2 (G was kept constant and δ/∆ were varied). Figure 5 shows an axial slice of the averaged b 800 , b 1200 and b 1600 volumes and their corresponding FA and MD maps. As previously observed, these indices show a radial transition in their values (inner-media to outer media). For all three cases, high FA values were observed in the outer media, whereas the inner media showed comparatively lower FA values. The response of MD was opposite to that of FA (figure 5). In terms of directional diffusivity, AD, was in general, higher than RD (Table 4) . Moreover, the increase in b-value shows changes in FA and MD across acquisitions. This behaviour was also observed for geometric measures. Table 4 shows the median values of all the calculated indices for the three b-values.
Using the aforementioned constraints, 5000 tracts were constructed for each acquisition (figure 6). For the b 800 dataset, the mean FA along the fibre pathway was 0.22 (std 0.04), whereas, for b 1600 the mean FA along the pathways was 0.17 (std 0.02). Table 5 provides additional statistical information on the volume occupied by the generated fibres. In terms of mean helical angle and circular distribution, acquisitions at b-values of 800 and 1200 showed comparable results (because of Page 6 of 25 AUTHOR SUBMITTED MANUSCRIPT -PMB-105856. R1   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t identical δ/∆), whereas, a noticeable deviation in results were observed for fibres generated at the b-value of 1600 s/mm 2 . (Table 6 ).
Region of Interest (ROI) based analysis
To In terms of directionally invariant indices, intact samples showed a significant increase in anisotropy (FA) from the inner media to the outer media (figure 8, p < 0.05). Mean diffusivity, on the other hand, showed a significant drop in directional diffusivity in the outer media (figure 8, p < 0.05). Geometric measures also displayed significant differences in their mean values (p < 0.05). AD showed a drop across the media layer, however, the degree of drop in RD was much higher than that of the corresponding AD (not shown). For open cut samples, no significant changes were observed in FA, C P and C S values, whereas, MD and C L showed significant differences, only, between M1 and M3 ROIs. For open cut flat samples, the statistical comparison did not show a significant difference in the values of FA, MD, C L , C P and C S across the media layer.
Discussion and conclusion
The molecular displacement of water in a tissue can be used to provide insights into the microstructural composition of a tissue. This study shows that the constituents of the arterial tissue and their arrangement regulate water diffusion in that microenvironment. The results of this study have demonstrated the sensitivity of DTI based markers to local variations in the microenvironment of intact arterial tissues. The study has also shown the sensitivity of these biomarkers to tissue damage by quantifying structural changes associated with reduced structural integrity of the arterial tissue, namely open cut samples.
As a quantitative biomarker, the apparent diffusion coefficient (ADC) has been used in a number of in-vivo and ex-vivo studies to identify healthy and pathology-specific regions in blood vessels [33] [34] [35] [36] [37] . Using a mono-exponential model of diffusion-weighted signal attenuation over a range of 0 - A c c e p t e d M a n u s c r i p t 1000 s/mm 2 , with 6 non-collinear diffusion-encoding direction, we estimated the ADC in the range of 1.37 ± 0.18 (10 -3 mm 2 /s). This estimated ADC value is comparable to the aforementioned in-vivo and ex-vivo studies [33] [34] [35] [36] [37] . The ADC-based assessment relies on a mono-exponential model of diffusionweighted signal decay and is known to be a poor representation of diffusion in the complex environment of biological tissue. Directionally invariant indices such as FA and MD are much better options to estimate diffusivity, as they are derived from the diffusion tensor, which incorporates diffusion anisotropy in the mono-exponential model. In other words, the diffusion tensor reflects the underlying diffusivity profile of a biological sample irrespective of the sample orientation with respect to the scanner frame of reference [38] .
Previous studies on cartilage and prostate tissues have demonstrated the efficacy of FA and MD in distinguishing between healthy and diseased tissues [39] [40] [41] . Studies on cartilage have demonstrated the sensitivity of FA to changes in collagen density in the ECM [39, 42, 43] . Furthermore, a number of experimental studies showed the dependency of MD on variation in glycosaminoglycan (GAGs) content [44] [45] [46] . Even though GAG contribution in ECM is relatively low (2 -5 % by dry weight), recent studies have shown that GAG plays an important role in arterial homeostasis by influencing arterial viscoelasticity and residual stresses [47] .
Figure 2(i) of this study shows a highly heterogeneous microenvironment in the media. The 3P plot indicates the profile of diffusion tensors as a more bloated disc-like shape. This shape distribution is indicative of the highly disperse nature of arterial fibrous structure (figure 4 -top row). These results show that the arterial tissue is considerably heterogeneous and this heterogeneity is the reason for a relatively weak diffusion anisotropy (low FA compared to the white matter of the brain). Since FA provides information on the directionality of the local diffusion profile, this parameter can be considered as a marker of arterial ultrastructure because of its sensitivity to ECM and SMC organisation and damage. Our results show FA values in the range of 0.21 ±0.06 to 0.32±0.08. These results are in a close agreement with the study by Opriessnig, et al. [48] . Other directionally invariant indices such as MD, which is a measure of GAG (isotropy), RD; which is considered to be sensitive to the degree of hindrance to molecular diffusion due to ECM and SMC, is a measure of fibre density and AD; the measure of diffusivity along the principal fibre direction, thus a possible fibre damage marker, show similar agreements [49, 50] .
From histology, it can be observed that the regions close to the intima-media boundary have low elastin, collagen and SMC density and regions close to the adventitia-media interface has high elastin, collagen and SMC contents (figure 1). GAG contents, on the other hand, are much higher close to the intima-media boundary as compared to the adventitia-media region [47, 51] . To the best of our knowledge, this is the first study to provide an insight into the constituent density distribution across the media layer of an intact artery using DTI. Our results show higher structural density in the outer regions of media layer, compared to the regions close to the intima-media region. This assessment is in agreement with the work of Stergiopulos, et al. [52] , where the authors reported differences in the opening angles between the inner and outer medial halves. C L , and C A projections in figure 2 and averaged DWI and FA projections in figure 5 of this study clearly demonstrate the feasibility of DTI in capturing the details of the ultrastructure density variations across the media of the arterial tissue.
The region of interest based analysis of this study showed that for intact samples, the directionally invariant indices and calculated geometric measures exhibited significant differences across the media layer ( figure 8, a -e) . FA, C L and C P were higher close to the adventitia-media interface and MD and C S were higher close to the media-intima boundary, and vice-versa (figures 2 and 8). However, the planar (C P ) and the spherical (C S ) tensor profile did not show statistically significant 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t difference between M1 and M2 ROIs. The 3P plots also show three distinct clusters corresponding to the three selected ROIs ( figure 7, a -d ). All these results highlight the highly heterogeneous nature of the intact media layer. For open cut samples, only, MD and C L showed significant differences in the extreme ROI comparison (M1 -M3) ( figure 8, g -j) . Moreover, the 3P plots showed an observable overlap in the clusters ( figure 7, e -h ). For open cut flat samples, the study did not find statistically significant differences in DTI derived markers across the media layer ( figure 8, k -o) and the 3P plots showed a high degree of cluster overlap ( figure 7, i and j) . Since the transmural distribution of GAGs plays an important role in regulating the residual stresses in the arterial tissue [47] , we speculate that the release of residual stresses by cutting a vessel and then placing it flat may have contributed to the changes in the microstructural environment of the tissue.
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Directionally invariant indices such as FA and MD, and fibre tractography based assessments such as helical angle and fibre dispersion are highly sensitive to a number of acquisition and post-processing parameters. For instance, use of anisotropic voxel resolution for fibre reconstruction is known to bias the tractography reconstruction [53] [54] [55] . Similarly, larger voxel size will incorporate more PVE [56] , which would suggest it is the reason for disparity among DTI and SHG or PLM based fibre assessment. To address these shortcomings of previous DTI based studies [19, 21] , our assessment was carried out at 0.117 mm 3 isotropic voxel resolution.
Selection of an optimal b-value is another important aspect to consider [19, 38] . b-value is related to the gradient strength (G) and the effective diffusion time (∆-δ/3), therefore any change in either of these will evidently change the diffusion profile ( figure 5 ). Depending upon the structural dimensions of collagen, elastin, GAG and SMC, all these macromolecules pose hindrance to water diffusion to a varying degrees. DTI studies on articular cartilage showed that the DW signal contains information of all the tissue constituents and the calculated DTI tensor contains additional information such as the volume fraction corresponding to individual constituents, their respective local orientation and respective degree of alignment [39, 43, 46, 57] . Based on the previous work of Flamini, et al. [19] , we analysed the influence of b-value on fibre tract assessment. By changing the b-value from 800 to 1200 and then to 1600 s/mm 2 , we observed noticeable changes in scalar indices and fibre tract profiles. When we kept the gradient amplitude fixed and changed the b-value by changing the effective diffusion time, we observed the transition from hindered diffusion to restricted diffusion (figures 5 and 6) [38] . Since the DTI model cannot accurately map non-Gaussian diffusion effects (restricted diffusion), it is not suitable to map diffusion profile at higher b-values. This limitation of the DTI model may explain the apparent drop in the values of directionally invariant indices at high b-values. Nevertheless, this transition (hindered to restricted) highlights the contribution of various constituents in modulating the diffusion-weighted signal decay at various diffusion-encoding timings.
The results of this study are based on small ex-vivo intact common carotid artery segments. These samples were scanned in DI water without inducing any kind of mechanical loading. Therefore, care must be taken while interpreting these results for in-vivo assessment, as physiological loading might alter the results. However, a recent study by Spronck, et al. [7] , has demonstrated a minimal effect of physiological loading on the circumferential orientation of VSMC in murine carotid arteries. In general, arterial tissue exhibits short T2 decay and compared to intima and media, the adventitia has the shortest T2 relaxation time [58] . In this study we did not perform T2 parametric estimation to calculate the T2 profile of the tissue. Using the available information from literature on arterial tissue characterisation, while considering the dependency of T2 on B0 field and to maintain a sufficient SNR, we selected a TE of 26 ms [58] [59] [60] [61] [62] . Even though, the selected TE is well within the range of the suggested values, the microenvironment in the adventitia layer exhibited poor SNR and Page 9 of 25 AUTHOR SUBMITTED MANUSCRIPT -PMB-105856. R1   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t therefore, was not included in the assessment, however, by using stimulated echo rather than a spin echo based sequence, it is possible to further reduce TE and thus map the adventitia layer [63] . In this study, sufficient SNR was achieved by minimising the TE and as a direct consequence, the narrow pulse approximation (NPA) was violated [64] . There are a number of important issues to consider while adopting a dMRI from dNMR models and one of the considerations is "The narrow pulse approximation (NPA) is unrealistic" [65] . A number of studies have also shown that the violation of the NPA only leads to a modified interpretation from the Ensemble average propagator (EAP) towards a "center-of-mass propagator", which represents the mean of the spin positions (trajectories) during the first gradient and the second gradient pulse [66] . As a result, diffusion displacements are slightly underestimated and EAP blurs out, however, the characteristics of the global spin propagator remains unchanged [67] . In addition, contrary to general understanding, there are a number of studies which suggest that a long delta (δ) might be more suitable in terms of estimating the orientation and density of fibrous structures [68] [69] [70] .
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